Prostaglandins (PGs) have been shown to be present in the central nervous system
(1, 2), from which PGs were released spontaneously (3, 4) and in responses to electric and chemical stimulations (4, 5) . PGs, when administered centrally, produced various effects.
For instance, PGEI infused into the 3rd ventricle of goats, caused an evoked drinking, an inhibition of water diuresis and an increase in the renal Na+ excretion (6) . It was also shown that central PGE increased urinary (7) and plasma ADH concentrations (8) . The authors shown that PGA2, injected centrally, decreased urine outflow in some of rats tested and increased it in others (9, 10) . In addition, intracarotid infusion of PGE2 caused an increase in urine osmolarity and a decrease in urine outflow in rats (11) . These findings led to the concept that central PGs regulated water metabolism. The central regulation of water metabolism has been attributed to the balanced actions of specific neurotransmitters in the hypothalamus, and there is an opinion that PGs may be a modulator of neurotrans mission (12) (13) (14) .
The present experiments were, therefore, designed to demonstrate effects of PGE2 and PGF2a injected into the lateral ventricle on urine outflow and show possible roles of PGE2
as the modulator of an antidiuretic action of the neurotransmitters in rats.
MATERIALS AND METHODS
The methods used were previously described, in detail (15 
RESULTS
As described in the previous papers (9, 10), intracerebroventricular (i.c.v.) admin istrations of saline and 3 % ethanol at a volume of 10 ,ul did not affect urine outflow.
When PGE2 at the volume of 10 , l was injected into the lateral ventricle at doses ranging from 10 nmoles to 0.01 nmoles, a dose-dependent increase in urine outflow which lasted about 30 min to 40 min was observed (Fig. 1, left panel) . This diuresis was always followed by antidiuresis which lasted 20-30 min. Similar effects were also observed by the i.c.v.
injection of PGF2a at doses ranging from 10 nmoles to 0.1 nmoles (Fig. 1, right panel) . The effects of PGE2 were greater than those of PGF2a.
Intracarotid and i.v. injections of both PGs at the same doses as used in the i.c.v. per fusion study did not affect urine outflow (data not shown).
When PGE2 at the dose of 1 nmole was injected i.c.v. 60 min after starting the i.c.v. perfusion (10,al/min) with CSF containing DPP at a concentration of 0.27 mM, the diuretic effect of PGE2 was significantly inhibited and antidiuresis did not occur (Fig. 2, top panel) .
On the other hand, when 13 uM of PPP was perfused i.c.v. at the rate of 10 11/min for 60 min, the diuretic effect of PGE2 was completely abolished and a remarkable antidiuresis appeared (Fig. 2, bottom panel) . The i.c.v. perfusion with 0.1 1cM of propranolol at the same rate for 60 min prevented also the PGE2-induced diuresis and a remarkable decrease in urine outflow was observed immediately after the injection of PGE2 (Fig. 3) .
When perfused i.c.v., DPP, PPP and propranolol at the doses used, did not, by themselves, affect urine outflow. (Fig. 4, top panel) . On the other hand, when PGE2 at the same dose was in jected i.c.v. immediately after starting the perfusion with phentolamine, the diuretic effect of PGE2 remained un changed but antidiuresis did not occur during the observation (Fig. 4, bottom   panel) . 
DISCUSSION
PGs detected in effluents of the perfused lateral ventricle (3) and in superfusates of cerebral cortex (4, 16) may be normal constituents of the CSF. In addition, it was suggested that E type of PGs released antidiuretic hormone (ADH) by stimulations of the neural lobe (11, 17) and the hypothalamus (6). The present authors who reported previously that i.c.v. injected PGA2 decreased urine outflow, were of the opinion that PGA2, injected i.c.v.
could regulate the release of ADH from the hypothalamo-neurohypophysial system (9) .
The present study demonstrated that PGEZ and PGF2a, injected into the lateral ventricle, caused diuresis followed by antidiuresis. Since intracarotid and i.v. injections of PGE2
and PGF2a at the same doses as used in the ventricular perfusion study did not affect urine outflow, it was unlikely that the PGs injected centrally were transferred to the systemic circulation to change the urine outflow rate, and the effects of i.c.v. PGE2 and PGF2a were rather central in origin. However, the possibility should not be excluded that i.c.v. injected PGE2 stimulated directly the neural lobe to cause antidiuresis, since PGE2 has been reported to induce release of ADH from the isolated neural lobe (11, 17, 18) . That PPP and propranolol abolished the diuretic effect of PGEZ but the antidiuretic action of PGEZ was significantly potentiated, suggested that the diuretic and antidiuretic effects of PGE2 were independent of each other.
The present results (Fig. 2) were in good agreement with the previous evidence that the diuretic action of i.c.v. PGA2 was prevented by the pretreatment with either PPP or DPP, however, the antidiuretic effect of PGA2 was inhibited by DPP but not by PPP (10) . Fur thermore, the result also suggests that the PGE2-blocking activity of PPP is not identical to that of DPP.
Noradrenaline, when injected centrally, was an antidiuretic (15, 19, 20) and caused an increase in plasma ADH concentration (20, 21) . Both antidiuretic and ADH releasing effects of noradrenaline were inhibited by phentolamine (15, 20, 21) . This may be an a-adrenergic effect, as speculated by others (21) . Since the diuretic effect We found that i.c.v. injected histamine and angiotensin II decreased urine outflow and suggested that these substances might be involved in ADH releasing mechanisms (15) . The present work which demonstrated that i.c.v. GABA and L-GA were also antidiuretics, suggested the possibility that both compounds acted as neurotransmitters in the ADH releasing system. We attempted to determine whether or not PGE2 could modulate the antidiuretic effects of GABA and L-GA and it was found that the antidiuretic action of GABA was inhibited by the continuous perfusion with PGE2, which did not affect the antidiuretic action of i.c.v. L-GA. These results may suggest that central control of water balance is, in no case, simple and antidiureses produced by noradrenaline, GABA and L-GA are not the same in origin. It was demonstrated that PGE2 modulated the antidiuretic effect of some neurotransmitters in the central nervous system.
